Recently microwave-assisted sample decompositions are extensively used in various fields. 1,2 However, their procedures are tedious and require expensive apparatuses. On the other hand, an oxygen-flask combustion method needs only an inexpensive apparatus. In the conventional system, a sample is wrapped with a small piece of filter paper and held in a sample basket which is hanged from the stopper of a flask. The sample is ignited with a small burner flame and the sample basket is inserted immediately into the oxygen-filled flask. 3, 4 The key point of this procedure is quick insertion of the basket into the flask, and it requires a skillful technique, especially to obtain reproducible results. Archer modified the apparatus used in Schöniger's original adaptation for the determination of chlorine in organic compounds. 5 The sample wrapped with a piece of filter paper was supported on a small platinum platform and then fired by means of a hot Pyrex-glass rod. Ota proposed a simpler ignition technique, in which a platinum coil was heated by the electric current in the vicinity of a sample, and he determined halogen and sulfur in organic compounds. 6, 7 This improved technique was employed by Fukasawa and Yamane for the determination of trace vanadium in petroleum. 8 Unfortunately, the platinum coil was as fine as 0.3 mmφ so that it was liable to be broken.
Unfortunately, the platinum coil was as fine as 0.3 mmφ so that it was liable to be broken.
The present work was undertaken to develop a robust and easy-to-handle system for an oxygen-flask, i.e., a sample was ignited by focusing an infrared (IR) light from the outside of the sealed flask. The IR light source was a lamp used for a conventional overhead projector, and a gold-plated ellipsoidal mirror was used as a focusing unit. The proposed method was successfully applied to the determination of metals in environmental samples and also of chlorine in PVC wall paper.
Experimental

Apparatus
Most metals were determined by an ICP-AES Seiko SPS1200AR (Seiko Nanotechnologies, Tokyo), which were operated under the conditions listed in Table 1 . Sodium and potassium were determined with an atomic absorption spectrophotometer (Shimadzu AA-630-12, Shimadzu, Kyoto) using flame emission spectrometry (FES) mode operated under the experimental conditions also listed in Table 1 . Chlorine was measured with an ion chromatograph, DX500 (Japan Dionex, Osaka, Japan), of which the operating conditions are listed in Table 2 . The whole system used here is illustrated in Fig. 1 . A commercially available overhead projector lamp, LP02 (100 V-360 W max., Sumitomo 3M, Tokyo, Japan) was set in an ellipsoidal mirror (Shimadzu, Kyoto) to focus the light from the lamp on the filter paper and was operated at 100 V. Some gold containing 5 wt% silver was spattered on the glass surface of the mirror to improve the reflection efficiency of the light. The supporting rod of each sample basket was reinforced by inserting a platinum wire containing 10% zirconia (1 mmφ) into a PTFE tubing (2 mm o.d. and 1 mm i.d.), and the lower end of the rod was fastened with PTFE tape. The platinum wire was spiraled as a sample basket (see Fig. 1 (b) in detail).
Reagents and materials
The standard solutions (1000 mg/L) of potassium, manganese, iron, magnesium, and aluminum for atomic absorption spectrometry were purchased from Kanto Chemicals (Tokyo, Japan) and the standard solutions (1000 mg/L) of chloride and phosphate ions from Wako Chemicals (Tokyo, Japan). The standard solution of calcium (980 mg/L) was prepared by dissolving 1.227 g of calcium carbonate of analytical reagent grade (Kanto Chemicals) in 4 mL of nitric acid and diluting to 500 mL with water, followed by standardization with EDTA titration.
Hydrochloric and nitric acids of analytical reagent grade were purchased from Kanto Chemicals and hydrogen peroxide of analytical reagent grade from Wako Chemicals. Distilled and deionized water was further purified by a Milli-Q ultrapure water-purification system (Millipore, Bedford, USA). Leaves. Commercial dried Cystophyllum fusi-forme (hizikia, a kind of brown algae) was used to optimize the combustion condition. Artemina salina (brine shrimp) was also analyzed as one of the biological samples. It was prepared as follows: ca. 0.5 g of the diapauses eggs of Artemina salina (Japan Pet Drugs, Tokyo) were hatched in 500 mL of 3% (m/v) sodium chloride solution with aeration for 24 h at room temperature. Eggshells floating on the solution surface were removed. 9 About 50 mL of the sodium chloride solution containing ca. 10 mg of Artemina salina was filtered through No. 5A filter paper (21 mm i.d., ca. 40 mg) by suction and washed three times with 1 mL each of 0.9% (m/v) ammonium oxalate solution. Finally any Artemina salina that remained on the filter was dried at 105˚C for 2 h. To examine the applicability of the present method to synthetic resin samples, we also analyzed commercially available polyvinylchloride (PVC) wall paper Toli VS630 (Toli, Itami, Japan) after cutting the material into rectangular pieces 2 to 3 mm on each side. The PVC wall paper was composed of polyvinylchloride (30.9%), dioctylphthalate (16.7%), and cellulose (52.4%), and its thickness and apparent density were 0.6 mm and 0.37 g/cm 3 , respectively.
Combustion procedure
An appropriate amount (10 -20 mg) of sample was weighed and wrapped with No. 7 filter paper (40 -50 mg) and held in the sample basket. In the case of Artemina salina, 10 mg was used after wrapping carefully with a piece of No. 5A filter paper. The basket was then inserted into a 300-mL round-bottomed flask containing an appropriate absorbent prior to the replacement of the air in the flask with oxygen for 5 min. A 20-mL absorbent of 1 mol/L hydrochloric acid-0.5 mol/L nitric acids containing yttrium (1 mg/L) as an internal standard (I.S.) was used for metal determination, and the same amount of 0.1% hydrogen peroxide containing phosphate (25 mg/L as phosphorous) as an I.S. was used as an absorbent for chloride.
The filter paper was set at the focus point of the light, and the lamp was turned on to ignite the filter paper and sample by 284 ANALYTICAL SCIENCES FEBRUARY 2008, VOL. 24 radiant heat. Just after the ignition of the filter paper, the flask was immediately immersed in an ice-cold water bath pressing the fluorine rubber stopper tightly by hand in order to reduce the inner pressure of the oxygen flask. Both the sample and the filter paper were combusted within about 4 s after ignition and the flask was cooled further in the bath for 1 min. The flask was then taken out of the bath and shaken for about 3 min until the inside cloud disappeared. The total time required for one sample treatment was 10 min. The absorbent was subjected to the determination of metals by ICP-AES or by ion chromatography for chlorine without any further treatment. The flask and the sample basket were reused after rinsing with water and drying with a small burner flame.
Results and Discussion
Combustion conditions Some kind of a combustible aid is essential for the oxygen flask combustion method: a typical one would be a piece of filter paper igniting quickly, keeping gentle combustion, and enabling the easy handling of sample wrapping. It is desirable that the impurity contents in the aids are as low as possible.
Several types of papers were tested, and it was finally found that filter paper No. 7 was most suitable for the present method, because of good combustion, easy wrapping, and less contamination (Table 3) . Another filter paper No. 5A for quantitative analysis was used for filtration and combustion aids of Artemina salina because of its suitability for sample rapping and adequate purity. A filter paper for chromatography No. 514A was thicker than that of No. 7 and unsuitable for wrapping. Nitrocellulose membrane filter was not combusted completely so that its impurities were not determined. Paraffin paper contained impurities in large amounts in spite of quite easy wrapping.
The amount of filter paper and the volume of the combustion flask were examined using 10 mg of Cystophyllum fusi-forme. When a 300-mL flask was employed, 40 mg of filter paper, corresponding to 380 mm 2 , was required for excellent combustion and 50 mg of filter paper was also tolerable.
Combustion of 20 mg sample was not feasible using 40 mg of filter paper and a 300-mL flask. Insufficient combustion was obtained with a 200-mL flask using 10 mg sample and 40 mg filter paper, even though 10 mg organic solvent and 30 mg filter paper was successfully treated in a 200-mL flask. 10 A powdered biological sample, however, was not spread over the whole surface of the filter paper, differing from a liquid sample that could be impregnated homogeneously; therefore a 300-mL flask would be necessary for the sufficient supply of oxygen.
Absorbent
First 1 M nitric acid was temporally chosen as absorbent and the effects of its volume on the recoveries of calcium and iron were examined using NIES No. 3 Chlorella, in which the certified values of calcium and iron were 0.49 ± 0.03% and 0.185 ± 0.010%, respectively. With 10 mL absorbent, 96% calcium and 84% iron were recovered. Calcium recovery reached to 100% with 15 mL, while that of iron remained at 92%. Quantitative recoveries were attained within the range of uncertainties of the certified values with 20 mL of the absorbent for calcium and iron. Therefore, the absorbent volume was fixed at 20 mL hereinafter because the further increase in the absorbent volume caused the higher dilution of analytes and thus lower concentrations of them on their measurements. Nitric acid of higher concentration than 1 M was not examined because the aspiration rate and nebulization efficiency of the nebulizer of the ICP-AES decreased steadily with increasing concentration of the acid. 11 Next, the recoveries of calcium and manganese in NIES No. 7 Tea Leaves were examined using 1 M nitric acid, and mixtures of nitric acid and hydrochloric acids. Here hydrochloric acid was added to nitric acid because hydrochloric acid exhibits weak reducing properties during dissolution of solids 12 so that it was expected to dissolve metal oxides easily which might be formed by combustion. The results are summarized in Table 4 . The certified values of calcium and manganese were 3200 ± 120 and 700 ± 25 μg/g, respectively. The recovery of calcium was almost 100% in any combination of acids, however, manganese was not recovered quantitatively. The analytical result for calcium obtained by using 0.5 M hydrochloric acid-0.5 M nitric acid exceeded 100%. Unfortunately, its reason is not clear at the present. Consequently, 20 mL of 1 M hydrochloric acid-0.5 M nitric acid was used for absorbent as a compromise hereinafter.
Analyses of environmental certified reference materials
The analytical results obtained using the present method described above are shown in Table 5 together with the certified values. All the samples except for pepperbush were combusted completely without any embers. Only pepperbush gave some black residue, even if the sample amount would be decreased to 5 mg; therefore, the lower recoveries were found for calcium, iron, and manganese. Tea Leaves gave no residues after combustion, but the recovery of manganese remained around 285 ANALYTICAL SCIENCES FEBRUARY 2008, VOL. 24 90% and that of aluminum was about 66%. Pepperbush contains ca. 0.41% silica, which might disturb complete combustion or adsorb the metals, yielding the lower recoveries. The recoveries of manganese and aluminum in Tea Leaves were also low. Tea Leaves should contain considerable amounts of silica, because commercially available tea leaves contains about 0.2% silica as reported by Akiyama et al. 13 On the other hand, the analytical results obtained for calcium, iron, magnesium, and manganese in NIES No. 3 Chlorella and calcium, iron, and magnesium in NIES No. 6 Mussel are in good agreement with the certified values. Therefore, aquatic organism samples may yield more soluble chemical species of metals in a mixture of dilute nitric and hydrochloric acids than phanerophytes in the present combustion method. However, it is difficult to describe accurately the mechanisms at this point. The relative standard deviations (RSD) except that (RSD 2.3%) for manganese are somewhat large, which are almost comparable to those for calcium (RSD 4.4%, n = 6) and iron (RSD 6.7%, n = 6) in 10 mg of NIES No. 3 Chlorella obtained during the homogeneity assessment of biological standard reference materials by Kojima et al. 14 The relatively large RSD observed above may be attributed to the inhomogeneity of the samples, and both the sample and combustion flask sizes may be increased when the better reproducibility is desired.
Analysis of Artemina salina
The metals in Artemina salina were determined both by the proposed method and the acid decomposition in a closed vessel at an elevated temperature 9 for comparison. In the latter, 10 mg of Artemina salina was decomposed with a mixture of 0.5 mL of nitric acid and 0.2 mL each of perchloric and hydrofluoric acids in a pressurized decomposition vessel at 150˚C for 12 h. The sample solution was evaporated to dryness and the residue was taken in 1 mL of hydrochloric acid. An appropriate amount of yttrium solution as an internal standard was added to give the final concentration of 1 μg/mL, and the sample solution was diluted to 10 mL with water, followed by the determination of metals by ICP-AES.
The analytical results are summarized in Table 6 . By the Student's test no significant difference was found between the analytical data obtained by the two methods (p = 0.05). However, the analytical values for sodium and potassium obtained by the present method were rather different from those obtained by the acid decomposition method. The higher values for sodium obtained by the present method may be due to the insufficient washing of the filter paper with which Artemina salina in sodium chloride solution was filtered and wrapped for combustion. Unfortunately, no simple explanation for the discrepancy of the data for potassium can be offered at present.
Owing to the smaller sample size and inhomogeneity of Artemina salina, the RSD of analytical results obtained by both methods were appreciably large. The larger relative standard deviations for calcium and potassium by the present method might be attributable to the slow dissolution of their chemical species formed by combustion into the cooled absorbent.
Analysis of PVC wall paper
The proposed method was applied to the determination of chlorine in PVC wall paper. When 10 mg of the sample was combusted, some embers were recognized with the naked eye. Consequently, the sample amount was reduced to 5 mg. The 286 ANALYTICAL SCIENCES FEBRUARY 2008, VOL. 24 a. The data were obtained by Nissan Arc. Ltd. Each sample was combusted in an oxygen stream with an automatic combustion system, AQF-I00 (Dia Instruments, Chigasaki, Japan) and the chlorine generated was adsorbed inhydrogen peroxide solution containing phosphate as an internal standard, followed by the determination of chloride with an ion chromatograph, ICS 1500 (Japan Dionex, Osaka, Japan) using an AS12A column and 2.7 mM Na2CO3-0.3 mM NaHCO3 solution as an eluent. The system was confirmed to give quantitative recoveries for organic standard samples for chlorine (100.3% for 2,4-dinitrochlorobenzene and 100.1% for 4-chlorobenzoic acid). b. Mean ± standard deviation.
analytical results shown in Table 7 were obtained by the present method and the conventional method used in routine analysis at Nissan ARC Ltd. No significant difference was found by Student's test (p = 0.05) between the results of the two methods. The equipment used in the proposed method is durable yet inexpensive. Furthermore, the method is safer and more convenient than conventional ones in which sample is ignited with the help of a small burner flame, and quickly inserted into an oxygen flask. The present method requires less than 10 min to decompose one sample and so it will be used extensively as a rapid decomposition method in the fields of environmental and food analyses in the future. When trace metals are to be determined, the present method should be coupled with a more sensitive analytical instrument, i.e. ICP-MS, using highly purified filter paper.
